Background: The photocopying occupation contributes to various health issues in workers. Elevated levels of oxidative stress have been found to be associated with respiratory problems in occupational workers. The intention of the current research is to evaluate the association between the pulmonary function parameters, a biomarker of oxidative stress, and the photocopying occupation in Lahore, Pakistan. Material and Methods: The study was performed on a group of photocopying operators (N = 100) and a control group (N = 100). A structured questionnaire was developed to gather the demographic attributes. Lung function testing was done with the spirometer. The blood lipid peroxides level, as thiobarbituric acid reactive substances (TBARS), was assessed spectrophotometrically. Results: A statistically significant reduction was found in the pulmonary function parameters as compared to the control group. In the study group, the prevalence of respiratory symptoms, including cough (31%), sneezing (18%), wheezing (9%) and breathing issues (19%), was high as compared to the control group. A significantly higher plasma TBARS concentration was observed in the photocopying workers. A negative correlation prevailed between FVC (−0.081), FVC% predicted (−0.038) and FEV1 (−0.043), and the duration of exposure. Conclusions: The study showed that the occupational exposure could have a significant effect on the normal pulmonary function and the oxidative potential of well-being. The profound emissions in the vicinity of photocopying centers may be responsible for the variations in the pulmonary function parameters and oxidative stress. Med Pr. 2019;70(4): 
INTRODUCTION
Air pollution is a potential cause of acute and chronic health effects, ranging from slight upper respiratory tract irritation to chronic heart and lung diseases, chronic bronchitis in adults and acute pulmonary infections in children. It also aggravates the previously experienced symptoms of lung and heart diseases, asthma and lung cancer [1] . Chronic respiratory diseases have been found to be associated with long-term exposure to air pollution [2] . In the working environment, exposure to respirable dust particles is the prospective risk factor associated with long-term pulmonary illnesses. In the occupational environment, workers are prone to several pulmonary disorders [3] . Photocopying machines are the main source of indoor air pollution, involving the emission of ozone, volatile as well as semi-volatile organic compounds. Oxides of nitrogen, particles in the size of nano-range, electromagnetic radiations in the lower frequency range, UV light and certain metals, i.e., arsenic and selenium, have also been reported [4] .
Air containing excessive particulate matter, volatile organic compounds and carbon monoxide exerts influence on diverse symptoms, like asthma aggravation, intensified respiratory symptoms, a declined lung function, an increased use of medicinal products, as well as hospital admittance [5] . Upon inhalation, particulate matters penetrate extensively into the lungs and get deposited in the alveolar sacs. The settlement of the particles in these sacs triggers inflammatory responses, and ultimately results in the activation of macrophages and acute inflammation [6] . The documented peak particle number concentration of nano-particles in the photocopying environment is 1×10 8 particles/cm 3 , owing to an elevated output and persistent operation of machines. Furthermore, photocopying machines are intermittently accommodated in confined spaces without the adequate ventilation, making the condition even worse [7] . Various engineered nanoparticles that are present in toners, including titanium, fumed silica and iron oxide, turn out to be airborne particles. The chemical configuration of airborne particles is composite, and it comprises substantial elements and analytes of toners, inclusive of semi volatile organic compounds, metals, elemental and organic carbon. The organic content of the aerosol encompasses 50% to 70% of the aggregate mass whereas the chemistry is not entirely distinctive and likely to alter with toner formulation [8] .
The primary component of a photocopying machine is the toner which generally consists of a resin, i.e., a copolymer of acrylates and styrene (approx. 55%), a pigment, i.e., iron oxides (approx. 50%), and an auxiliary anti-caking agent, i.e., amorphous silica (approx. 3%). Upon heating, the resin exhibits the function of fixing the particles of the pigment to the paper. The particles of the toner with an aerodynamic diameter of 6−8 µm [9] accelerate the intense penetration into the human respiratory system. Extremely fine aerosol particles released from the paper in photocopying machines constitute another source of indoor emissions [10] .
In steelworkers with smoking habits, forced vital capacity (FVC) as well as forced expiratory volume in 1 s (FEV 1 ) decreased in response to exposure to respirable dust at average levels [11] . In acute respiratory distress syndrome, the lipid peroxidation level, expressed as arterial malondialdehyde (MDA) concentration, significantly increased [12] . Reduced pulmonary functions (FVC, FEV 1 , FEV 1 /FVC, as well as peak expiratory flow [PEF]) were observed in the exposed cement factory individuals as compared to the unexposed workers. The exposed workers reported periodic and prolonged phlegm, bronchitis, wheeze, breathlessness, asthma and cough [13] .
Lipid peroxidation is considered to be one of the most discernible demonstrations of oxidative stress [14] . The generation of reactive oxygen species can be observed by numerous biomarkers. However, malondialdehyde is the most frequently studied product in relation to the peroxidation of the polyunsaturated fatty acids and the elevation of oxidative stress [15] . The smoking habit has been found to be significantly correlated with the levels of lipid peroxidation as determined by the thiobarbituric acid reactive substances (TBARS) concentration [16] .
In general, the intent of this research study was to assess the health effects encountered in relation to the occupation in question, by examining the pulmonary function parameters of the exposed workers and analyzing the effect on lipid peroxidation as an oxidative stress marker with the functional ability to prevent pulmonary disorders and stress in these workers.
MATERIAL AND METHODS

Experimental design
A cross-sectional study was conducted in January−September 2017 in accordance with the Helsinki Declaration, upon obtaining an approval from the Institutional Ethical Committee of Lahore College for Women University. The spirometry test was performed on photocopying operators as well as toner fillers (N = 100), and a comparison was made with the control subjects (N = 100). The photocopying operators and toner filling operators, aged 17−65, were included in the study, whereas individuals with previously known chronic illnesses were excluded. In order to scrutinize the effect of the smoking habit, the subjects were classified either as smokers or non-smokers. The subjects were categorized into 2 main groups. All the subjects provided their informed written consent prior to inclusion in the study. The intention of the study was well notified to all the participants. Information was gathered regarding the demographic attributes (age, medical history, socio-economic status, smoking and alcohol consumption, etc.), along with occupation-related particulars (nature of the job, years of exposure, etc.). The same socio-economic status factor was duly considered in the experimental and control subjects.
Pulmonary function test
Pulmonary function evaluation was done using a portable handheld spirometer, model: Spirotron (MDX Instruments, USA). The general specifications for the performance as well as interpretation of the pulmonary function test were followed [17−20] . The pulmonary function indices documented were the FVC, FEV 1 and FEV 1 /FVC ratios. All the readings were in the units of liters and percentage predicted values.
Lipid peroxidation assay
Venous blood (3 ml) was collected from the subjects. The blood samples of the experimental as well as control subjects were collected in tubes containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. The tubes with blood samples were centrifuged at 3300 rpm for 5 min in order to separate the plasma. The samples underwent the analysis immediately after separation. For the determination of oxidative stress, the most widely acceptable thiobarbituric acid reactive substances assay that quantifies the concentration of malondialdehyde, a product formed as a result of degradation of unstable lipid peroxides [21] , was exercised. After centrifugation, the plasma (1 ml) was collected. Normal saline (1 ml) was added into it, and then also 1 ml of trichloroacetic acid (TCA-25%). The entire mixture underwent centrifugation at a speed of 2000 rpm for 20 min. The addition of trichloroacetic acid to the plasma resulted in the sedimentation of protein in the mixture. The supernatant that was protein free was collected to another centrifuge tube. To the protein free supernatant, 0.25 ml of thiobarbituric acid (TBA) at a concentration of 1% was then added, and the mixture was boiled in temperature of 95 º C for 1 h. This yielded a pinkcolored product. The intensity of the color pink was determined spectrophotometrically at 532 nm [22] . The equivalents of malondialdehyde were quantified using an extinction coefficient of 1.
. The expression of the results was done as μM/l [23] .
Statistical analysis
All statistical calculations were performed using SPSS 13.0 (SPSS Inc., USA) for Windows. Descriptive statistical tests were performed to assess the mean and standard deviations of the quantitative variables. For the pulmonary function indices and the total lipid peroxidation level in the plasma, both mean and standard deviations were calculated for each parameter. Student t-test or Mann-Whitney U test was used to compare the mean values of the pulmonary function data and the oxida- tive stress marker between the experimental and control subjects. To analyze the interrelationship between the pulmonary function data as well as the oxidative stress biomarker, correlation coefficients were determined. The pulmonary function data was expressed in percentage terms of the predicted values as well. The p-value of < 0.05 was considered to be significant. One-way analysis of variance was performed to evaluate the significance of the factors on the dependent variables. All confidence intervals (CI) were calculated at a 95% level.
RESULTS
The demographic patterns, pulmonary function indices and lipid peroxidation as a marker of oxidative stress are presented in Table 1 . The workers were monitored in terms of the respiratory symptoms experienced, i.e., cough (31%), sneezing (18%), wheezing (9%) and breathing problems (19%), as well as other health issues, as demonstrated in 19 .72%, respectively, in the experimental study subjects with no smoking habits, whereas in the non-smoker control study subjects, the percentage rates were found to be 10.53%, 10.53%, 3.95%, 3.95%, 3.95% and 7.89%, respectively, for the above-mentioned health problems. The association between the FVC, FVC% predicted, FEV 1 and FEV 1 % predicted was found to be statistically significant (p < 0.05) with the smoking habit (Table 3) . With the increase in age, a reduction in the pulmonary function parameters was observed in both the experimental and control subjects. A negative correla- * p-value significant at the level of p < 0.05. ** p-value significant at the level of p < 0.01.
tion was found to exist between age and FVC (-0.167), FVC% predicted (−0.12), FEV 1 (−0.14) and FEV 1 % predicted (−0.07). Age was found to be statistically significant (p < 0.05) in the case of forced vital capacity (l) and the first forced expiratory volume (l). A reduction in the pulmonary function parameters was observed with the increasing duration of exposure. A negative correlation was revealed between FVC, FVC% predicted and FEV 1 , and the duration of exposure, with the values amounting to −0.081, −0.038, −0.043, respectively. However, it was not found to be statistically significant (p > 0.05), as shown in Table 3 . The severity of airflow obstruction, on the basis of the percent predicted first forced expiratory volume (FEV 1 % predicted), was subcategorized into ≥ 80 as mild, 50−79 as moderate, 30−49 as severe, and < 30 as very severe [20] . Following the specified categorization, the present study revealed that 13.92% of the experimental subjects fell in the mild category, 63.29% in the moderate category, 3.79% in the severe category, and 0% in the very severe category of airflow obstruction.
The quantification of the ventilatory function is very useful. The obstructive ventilatory defect is indicated by the limitation in the airflow, and characterized by reduced FEV 1 , normal or reduced FVC, along with reduced FEV 1 /FVC. The lower limit of the FEV 1 /FVC ratio is around 70−75%. In the case of restrictive ventilator defects, the FEV 1 /FVC ratio remains normal or typically high with reduced FEV 1 as well as FVC. A reduced FVC ratio, along with a lower FEV 1 /FVC ratio, is an indicator of a mixed ventilator defect [24, 25] . In the current study, spirometry results revealed that 44% of the respondents in the experimental group, and 73% of the subjects in the control group, had a normal ventilatory function. In the experimental study subjects, the percentage values for restrictive, obstructive and mixed ventilatory defects were determined at 47%, 5% and 4%, respectively. In the control subjects, the percentage values for the above-mentioned ventilatory defects were found to be 24%, 2% and 1%, respectively.
The mean values of the oxidative stress marker in the form of the total lipid peroxides level (TBARS [μM/l]), as determined in the plasma of the experimental and control subjects, amounted to 2.25±0.60 and 1.19±0.26, respectively. The present study outlines the statistically significant association between the levels of plasma lipid peroxides as TBARS, and the smoking status and the duration of exposure (p < 0.05). A negative correlation exists between the predicted percentage of forced vital capacity, the predicted percentage of forced expiratory volume and the levels of plasma lipid peroxides (TBARS [μM/l]), as shown in Table 4 .
DISCUSSION
A statistically significant elevated incidence of nasal blockage, breathing problems and sputum production was observed among the photocopying operators, as compared to the control group. A higher prevalence of restrictive patterns were also found, as compared to the controls. However, a non-significant result was observed in the percent predicted values of FEV 1 , FVC, FEV 1 /FVC, PEF, and the mean forced expiratory flow between 25% and 75% of forced vital capacity (FEF 25−75 ) between the control group and the workers involved in the photocopying operation. The level of TBARS in the serum was found to be statistically elevated in the photocopying workers [26] .
The correlation between the age factor and the abnormality in the pulmonary function parameters was found to be statistically significant [27] . Tobacco smoke contains several chemical compounds, and there is an [28] . During photocopying operations, the workers are exposed to emanated particles by a direct route [10] . Photocopying workers are more prone to pulmonary function impairments, since an increased personal exposure to ultrafine particles and particulate matter 2.5 has been found in this occupational group. A consequent exposure has manifested a remarkable alleviation in FVC, FEV 1 % predicted, FVC% predicted and FEV 1 / FVC%, thereby exhibiting a significant association between personal exposure and pulmonary functions [29] .
Oxidative stress elevation has been found in the case of photocopying workers [30, 31] . Short-term exposures to the emissions from photocopying machines have been found to cause high oxidative stress as well as inflammatory reactions in their local airways [32] .
CONCLUSIONS
The current study was designed to assess the association between the pulmonary function indices, oxidative stress and the photocopying occupation. In the present research, a significant difference was observed in both the pulmonary function indices and the lipid peroxidation level in the photocopying workers. The individuals encountering exposure to toner dust during cleaning and maintenance operations reported more respiratory symptoms. The insufficient data availability leads to the worst situation. A significant negative correlation exists between FVC% predicted, FEV1% predicted and Plasma TBARS. Much attention is required to be given to such issues in order to mitigate the adverse health effects.
